The work that led to the Nobel Prize was primarily concerned with the effects of vagus stimulation on heart function. In 1845, Eduard Weber (1806-1871) and his elder brother Ernst Heinrich Weber (1795-1878) had shown an interest in this issue. They demonstrated that electrical stimulation of parts of the brain in which the vagus originates, as well as stimulation of the vagus nerve itself, reproducibly slowed and eventually stopped the heart beat.
Oxford, Great Britain, where he was at the Nuffield Institute. In 1940, he moved to the U.S. and worked at the College of Medicine, New York, as Research Professor of Pharmacology. In 1946,he became an American citizen. He died in 1961. 1 The work that led to the Nobel Prize was primarily concerned with the effects of vagus stimulation on heart function. In 1845, Eduard Weber (1806-1871) and his elder brother Ernst Heinrich Weber (1795-1878) had shown an interest in this issue. They demonstrated that electrical stimulation of parts of the brain in which the vagus originates, as well as stimulation of the vagus nerve itself, reproducibly slowed and eventually stopped the heart beat. 2 At that time, however, the kymograph that Carl Ludwig introduced into physiologic research 3 was not available, so that registration and documentation of the effect were not possible. The effects were therefore demonstrated by E. H. Weber during the meeting of the Italian natural scientists in Naples in 1845.
The negative chronotropic and inotropic effects of vagus stimulation were also observed by Albert von Bezold 4 and documented in the frog heart in Carl Ludwig's (1816-1895) Leipzig Physiological Institute by Joseph Coats, a Scotsman from Glasgow. A frog was cut below the liver, and the sternum and front feet were excised, but a large skin patch was maintained to serve as a cover for the nerves and heart. The aorta was cannulated and connected with a mercury manometer. Another cannula was inserted into the atrium and connected to the reservoir,which contained reddish rabbit serum. 5 The vagus nerve was stimulated with platin electrodes. This preparation was a nonrecirculating system in which the heart pumped the serum into the manometer and caused regular and consistent excursions of the mercury,which reflected the force developed by the heart. As soon as vagus nerve stimulation became effective,there was an immediate decrease in systolic and diastolic pressure,and beating stopped entirely. When the heart resumed its action, the rate was slower and the amplitude of contractions was lower. Both increased until the normal contraction pattern was attained. 6 In this frog heart preparation, Schmiedeberg tested the effect of atropine, muscarine, and nicotine. He demonstrated that the negative chronotropic effect of vagus stimulation was prevented by nicotine and noted that atropine can be used to eliminate the effects of the "inhibitory apparatus" of the heart. 7 For his experiments, Otto Loewi used the isolated heart of the frog and the toad. 8 The heart was perfused via a Straub cannula, and the left vagus nerve was preserved. He filled hearts with Ringer solution with and without electrical stimulation of the vagus. Vagus stimulation had the well known negative inotropic and chronotropic effect. "Then the Ringer solution that had been in the first heart during the stimulation of the vagus was transferred to the second heart. It slowed and its beats diminished just as if its vagus had been stimulated." 9 This effect was antagonized by atropine (Fig. 2) . In the toad, stimulation of the vagus had a positive inotropic effect. This could also be induced by using the perfusion fluid obtained during nerve stimulation. Otto Loewi concluded that a heartinhibiting ("Vagusstoff") or stimulating substance must have been released into the perfusion fluid during vagus stimulation. He excluded potassium as the transmitter, since the potassium effect could not be antagonized by atropine. 8 In a series of successive papers, Loewi characterized the substance released by vagus stimulation in more detail. He showed that the transmitter appeared subsequent to nerve stimulation and was not a product of the arrest of the heart, since he did not detect the vagus substance when he induced cardiac arrest by applying the first Stannius ligature. He also excluded choline as the responsible transmitter. 10 Finally, Loewi showed that the vagus substance loses its effect when it is in contact with a native aqueous heart extract-with cholinesterase, for example-to the same extent as does acetylcholine. 11 Taken together these results were convincing and were generally accepted as evidence that acetylcholine is the chemical transmitter of the vagus in the heart. 12 This organ was the first in which chemical transmission was demonstrated. 
